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(54) RARE EARTH PERMANENT MAGNET HAVING SUPERIOR OXIDATAION RESISTANCE, 
AND METHOD OF MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form an oxidation resistive film, having superior reliability on a 
surface of a rare earth permanent magnet made of Nd2Fe14B-based alloy as a typical material. 
SOLUTION: Electrolysis is carried out in an electrolytic solution, having a triazone dithiol 
derivative dissolved into an organic solvent with use of a rare earth permanent magnet as an 
anode to form a film obtained by the electrolysis of the composition on the surface of the 
magnet, an oxidation resistive film is formed by metal plating on the obtained oxidation resistive 
film, and further a film obtained by the triazone dithiol derivative is formed thereon. Water, 
which causes rust, is not used for the formation of the film using triazone dithiol derivative, the 
formed film is water repellent but is not oriented. Thus the film is higher in reliability than a prior 
art oxidation resistive film. Since films made by metal plating and using triazone dithiol 
derivative are further formed on the above film, the reliability to oxidation is improved 
significantly. 
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precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A rare earth permanent magnet having the 3rd oxidation-resistant tunic characterized 
by comprising the following. 

R 2 ~T 14 B system alloy [R which uses R-T-B as the main ingredients : Among rare earth elements 

containing yttrium (Y), at least one or more sorts, T: A transition metal, B : it is either of the 
positions of 2, 4, and 6 of 1,3,5-triazine to the surface of a sintering mold rare earth permanent 
magnet which consists of boron], — SM[R is SH or NR^g about R and the remainder, The 1st 

oxidation-resistant tunic to which at least one sort of electrolysis of a triazine dithiol derivative 
which S replaced hydrogen, an alkyl group or a phenyl group, and M with hydrogen, an alkaline 
metal, or alkaline-earth metals, replaced it with sulfur, and replaced N by nitrogen] comes to 
form R 1 and R 2 . 

The 2nd oxidation-resistant tunic that consists of a plating film which it comes to form on the 
1st oxidation-resistant tunic. 

The same composition as the 1st oxidation-resistant tunic which it comes to form on the 2nd 
oxidation-resistant tunic. 

[Claim 2]R 2 T ; | 4 B system alloy [R which uses R-T-B as the main ingredients : Among rare earth 

elements containing yttrium (Y), at least one or more sorts, T: A transition metal, B : it is either 
of the positions of 2, 4, and 6 of 1 ,3,5-triazine about a sintering mold rare earth permanent 
magnet of boron]. SM[R Es SH or NR 1 R 2 about R and the remainder, R 1 and R 2 in at least one 

sort of a triazine dithiol derivative which S replaced hydrogen, an alkyl group or a phenyl group, 
and M with hydrogen, an alkaline metal, or alkaline-earth metals, replaced it with sulfur, and N 
replaced by nitrogen] of solutions, By carrying out electrolytic treatment, form the 1st oxidation- 
resistant tunic in the surface of said sintering mold rare earth permanent magnet, and on the 1st 
oxidation-resistant tunic by at least one method of electrolytic plating or electroless deposition. 
A manufacturing method of the rare earth permanent magnet according to claim 1 forming the 
2nd oxidation-resistant tunic that consists of plating films, and forming the 3rd oxidation- 
resistant tunic in the same procedure as a case of the 1st oxidation-resistant tunic on the 2nd 
oxidation-resistant tunic. 

[Claim 3]A manufacturing method of a rare earth permanent magnet characterized by a solvent 
of said solution being an organic solvent in a manufacturing method of the rare earth permanent 
magnet according to claim 2. 

[Claim 4]A manufacturing method of a rare earth permanent magnet temperature of said solution 
being 0-80 ** in a manufacturing method of a rare earth permanent magnet of a statement at 
either claim 2 or claim 3. 

[Claim 5]In a manufacturing method of the rare earth permanent magnet according to any one of 
claims 2 to 4, A manufacturing method of a rare earth permanent magnet, wherein less than 20V 
(0 is not included) and current density perform electrolytic treatment which obtains said 1st 
oxidation-resistant tunic and the 3rd oxidation-resistant tunic in the range of 10mA/dm 2 - 10 
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A/dm in voltage. 

[Claim 6] A manufacturing method of a rare earth permanent magnet making into 0.1 second - 10 
minutes electrolytic treatment time which obtains said 1st oxidation-resistant tunic and the 3rd 
oxidation-resistant tunic in a manufacturing method of the rare earth permanent magnet 
according to any one of claims 2 to 5. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]this invention — a Nd 2 Fe 14 B system — the R 2 T 14 B system which 

improved especially oxidation resistance about the R^T^B system intermetallic compound 

magnet containing rare earth element:R represented with an alloy, and transition metakT — it is 
related with a rare earth permanent magnet and a manufacturing method for the same. 
[0002] 

[Description of the Prior Art]The R-Fe-B system magnet represented with Nd-Fe-B has high 
magnetic properties as compared with the Sm-Co system magnet which is the conventional rare 
earth permanent magnet. However, such a magnet alloy has large degradation and variation of 
magnetic properties by magnetic oxidation as compared with Sm-Co, in order that R 2 Fe 14 B may 

also oxidize further easily including Nd-Fe-alloy phase which oxidizes very easily during an 
organization. 

[0003]When it includes in devices, such as a magnetic circuit, there is a possibility of causing the 
contamination to the periphery article by scattering of the oxide generated from a magnet 
[0004]JP,60-54406,A and JP,60-63903,A are proposed as a method of solving this problem. 
However, it is hard to say that a magnet material oxidizes in down stream processing, or remains 
of a small amount of moisture become a cause, and oxidize in many cases even if it is after 
processing, and its oxidation resistance is enough since a lot of water is used for the oxidation- 
resistant tunic proposed by these gazettes in a coating formation process. 
[0005]In the painting method which is a general approach of a metaled rustproof surface 
treatment. Especially that it is easy to produce a crack and exfoliation at the time [ compatibility 
with metal is insufficient and ] of a part chemically-modified [ magnetic ] degree or use since the 
substrate of a paint is an organic high polymer, and in the case of a reacting cure type paint, 
Since aging of the unreacted functional group about a trace causes rust generating, the reliability 
of especially such an alloy system is insufficient, and the actual condition is that the use is 
limited. 

[0006] Since uniform coating to the whole magnet being difficult and an enveloping layer 
organization have directivity in a bed surface perpendicularly, the antioxidant method by a 
spatter and the metal film formation using an ion-vapor-deposition method produces a detailed 
gap in an enveloping layer, and has the problem that sufficient oxidation resistance is not 
expectable etc. 
[0007] 

[Problem(s) to be Solved by the Invention]Then, there is a technical technical problem of this 
invention in providing a rare earth permanent magnet which was more excellent in oxidation 
resistance, and a manufacturing method for the same in view of the above-mentioned fault, 
[0008] 

[Means for Solving the Problem]By using together a completely different method from these 
methods with the conventional paint, electrolysis plating, a spatter, ion vapor deposition, etc., 
this invention is made, as a result of examining how to form a firmer oxidation-resistant tunic in 
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a rare earth permanent magnet R 2 T 14 B system. 

[0009] Namely, a rare earth permanent magnet, wherein this invention has the 3rd oxidation- 
resistant tunic characterized by comprising the following. 

R 2 T U B system alloy [R which uses R-T-B as the main ingredients : Among rare earth elements 

containing yttrium (Y), at least one or more sorts, T: A transition metal, B : it is either of the 
positions of 2, 4, and 6 of 1 ,3,5-triazine to the surface of a sintering mold rare earth permanent 
magnet which consists of boron]. - -SM[R is SH or NRjR 2 about R and the remainder, The 1st 

oxidation-resistant tunic to which at least one sort of electrolysis of a triazine dithiol derivative 
which S replaced hydrogen, an alkyl group or a phenyl group, and M with hydrogen, an alkaline 
metal, or alkaline-earth metals, replaced it with sulfur, and replaced N by nitrogen] comes to 
form R^ and R 2 . 

The 2nd oxidation-resistant tunic that consists of a plating film which it comes to form on the 
1st oxidation-resistant tunic. 

The same composition as the 1st oxidation-resistant tunic which it comes to form on the 2nd 
oxidation-resistant tunic. 

[0010]R 2 T 14 B system alloy [R to which this invention uses R-T-B as the main ingredients : 

Among rare earth elements containing yttrium (Y), at least one or more sorts, T: A transition 
metal B : it is either of the positions of 2, 4, and 6 of 1 ,3,5-triazine about a sintering mold rare 
earth permanent magnet of boron]. - ~SM[R is SH or NR^ about R and the remainder, R 1 and 

R 2 in at least one sort of a triazine dithiol derivative which S replaced hydrogen, an alkyl group 

or a phenyl group, and M with hydrogen, an alkaline metal, or alkaline-earth metals, replaced it 
with sulfur, and N replaced by nitrogen] of solutions, By carrying out electrolytic treatment, form 
the 1st oxidation-resistant tunic in the surface of said sintering mold rare earth permanent 
magnet, and on the 1st oxidation-resistant tunic by at least one method of electrolytic plating or 
electroless deposition. It is a manufacturing method of the aforementioned rare earth permanent 
magnet forming the 2nd oxidation-resistant tunic that consists of plating films, and forming the 
3rd oxidation-resistant tunic in the same procedure as a case of the 1st oxidation-resistant 
tunic on the 2nd oxidation-resistant tunic. 

[0011]This invention is a manufacturing method of a rare earth permanent magnet, wherein a 
solvent of said solution is an organic solvent in a manufacturing method of the aforementioned 
rare earth permanent magnet. 

[0012]This invention is a manufacturing method of a rare earth permanent magnet temperature 
of said solution being 0-80 ** in a manufacturing method of the aforementioned rare earth 
permanent magnet. 

[001 3] Electrolytic treatment as for which this invention obtains said 1st oxidation-resistant tunic 
and the 3rd oxidation-resistant tunic in a manufacturing method of the aforementioned rare 
earth permanent magnet, It is a manufacturing method of a rare earth permanent magnet, 
wherein voltage carries out by less than 20V (0 is not included) and current density carries out 

in the range of 10mA/dm 2 - 10 A/dm 2 . 

[0014]This invention is a manufacturing method of a rare earth permanent magnet making into 
0.1 second - 10 minutes electrolytic treatment time which obtains said 1st oxidation-resistant 
tunic and the 3rd oxidation-resistant tunic in a manufacturing method of the aforementioned rare 
earth permanent magnet. 
[0015] 

[Function]Since according to the formation method of the oxidation-resistant tunic of this 
invention a triazine dithiol derivative ionizes and an anion is produced in an electrolysis solution, 
by using a magnet as the anode, the anion which a triazine dithiol derivative gives can be 
electrodeposited on the magnet surface, and a tunic can be formed in it. 
[001 6] By forming the metal tunic by plating on the oxidation-resistant tunic obtained from a 
triazine thiol derivative, and also forming the oxidation-resistant tunic obtained from a triazine 
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thiol derivative on it, An oxidation-resistant tunic can be strengthened more and a rare earth 
permanent magnet with very large oxidation resistance can be obtained. 
[0017]the tunic generated by the magnet surface from the triazine dithiol derivative — the 
conventional transformation — as compared with a tunic etc., it excels in corrosion resistance 
and endurance extremely, and associative strength with a surface of metal is large. Since water 
repellence and lubricity are given, splashdown, ice coating, etc. can be prevented. It is cheap and 
the thin film which does not exfoliate easily for a short time can be formed. 

[0018]And an electrolysis solution can be adjusted by dissolving a triazine dithiol derivative in an 
organic solvent. The reason for using an organic compound as a solvent is because generating of 
the rust on the surface of a magnet cannot be thoroughly prevented by remains of the water to 
a tunic in the case where water is used as a solvent. 

[0019]As an organic solvent, if it is a fluid of hypoviscosity in a 0-80 ** temperature 
requirement, it is not limited in particular and almost all things can be used. For example, methyl 
alcohol, ethyl alcohol, isopropyl alcohol, Alcohol like ethyl Cellosolve, acetone, ketone like methyl 
ethyl ketone, amide like dimethylformamide, ester like ethyl acetate, a franc like a 
tetrahydrofuran, benzene, aromatic hydrocarbon like toluene, etc. can be used, the concentration 

of a solution — a triazon dithiol compound — a 1x10~ 1 - 1x1 0~ 6 mol /I — it is made to be 

preferably set to a 5x1 0~ 2 ~ 5x1 0~ 4 mol / I 

[0020]In order to avoid that the effluent from the negative pole mixes into a tunic, an insoluble 
material is used for the negative pole. As such a material, there are platinum, titanium, stainless 
steel, carbon, graphite, etc., for example. 

[0021]Electrolysis adjusts the temperature of a solution to 0-80 **, and electrolyzes it for [ 0.1 

second - ] 10 minutes by less than voltage 20V and current density 10mA/dm 2 - 10 A/dm 2 . The 
reason which limited the temperature of the solution is that it will become difficult to control the 
thickness of a tunic if a long time is required and it is made higher than 80 ** in order to form a 
tunic, if temperature is made lower than 0 **. 

[0022]The reason which limited voltage is that formation of a tunic on the magnet surface will 
become uneven if voltage is made higher than 20V. The reason which limited current density is 
that film formation will become uneven if a tunic will not be formed if current density is made 

smaller than 10 mA/dm 2 , but current density is made larger than 10 A/dm 2 . 

[0023]When electrolysis time cannot form a tunic in the whole magnet surface for current 

density as for 1 0A/dm 2 as it is less than 0.1 second, but it exceeds 10 minutes, since a tunic 
functions as an insulator, the reason which limited electrolysis time is that electrolysis becomes 
impossible substantially. 

[0024]In order to improve the conductivity of a solution in the solution generally used for 
electrolysis or to decrease migration current in it, the salt etc. which cannot receive oxidation 
reduction easily due to an electrode are added to it as a supporting electrolyte, but addition of a 
supporting electrolyte reveals a fixed effect also in this case. 

[0025]As an anti-oxidation plating film formed on the oxidation-resistant tunic by a triazine thiol 
derivative, the metal or the alloy which has oxidation resistance, such as nickel, Cu, and Zn, is 
used, and such composite plating can also be applied. As the plating treatment method, 
electroless deposition, electrolytic plating, or these concomitant use are mentioned. 
[0026]And it becomes difficult to secure the dimensional accuracy of a product in the thickness 
over 25 micrometers, while the intensity of a plating film deteriorates, and plating treatment will 
take a long time to the thickness of a plating film, and, as for the thickness of a plating film, 25 
micrometers or less are preferred also from the field of a manufacturing cost. 
[0027] 

[Example]Below, a concrete example is given and described about this invention. 
[0028](Example 1) Requirements weighing of Nd of not less than 99% of purity, electrolytic iron of 
99% of purity, and the ferroboron alloy was carried out, respectively, and in argon atmosphere, it 
dissolved by high frequency induction heating, and cast, and the ingot of 64.9-% of the weight 
Fe-34-% of the weight NcM.1-% of the weight B was obtained. Next, coarse grinding of this ingot 
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was carried out by the disc mill, and also it pulverized with the ball mill, and the end of precursor 
powder whose mean particle diameter is 3 micrometers was obtained. 

[0029]This end of precursor powder was fabricated by the pressure of 10kPa in the magnetic 
field of 1600 kA/m. It quenched, after having carried out furnace cooling of the acquired Plastic 
solid after 1050-1 100 ** and 2-hour vacuum sintering, obtaining the sintered compact and heat- 
treating this sintered compact at 500-600 ** for 1 hour. Thus, one side cut the obtained rare 
earth permanent magnet to the cube shape which is 10 mm, and it was considered as the 
specimen for evaluating oxidation resistance. 

[0030]Next, as a triazine dithiol derivative, the 2-dibutylamino 4,6-dithio roux triazine shown in 
** 1 so that it may become the concentration of a 5x1 0" 2 mol / I, As a supporting electrolyte, 
lithium perchlorate (LiCI0 4 ) was dissolved in ethyl alcohol, respectively so that it might be set to 

a 5x1 0~ 4 mol / I, and the electrolysis solution was prepared. 
[0031] 
[Formula 1] 



[0032] Next, the aforementioned specimen washed with acetone was used as the anode using 
this electrolysis solution, by using a stainless steel (SUS304) steel plate as the negative pole, by 
the solution temperature of 25-30 **. current density 1.0 - 2.0 A/dm 2 , it electrolyzed for 10 to 
240 seconds, and the 1 st oxidation-resistant tunic was obtained. 

[0033]Then, using the Watts bath which set this specimen as the plating bath and set the degree 
of solution temperature as 50 **, processing time was changed by current density 2.0 A/dm 2 
and the 2nd oxidation-resistant tunic that consists of a nickel plate whose thickness is 3 and 5 
or 10 micrometers was formed. About another specimen, processing time was changed to the 
plating bath by current density 2.0 A/dm 2 using the cyaniding bath which made the degree of 
solution temperature the room temperature, and the 2nd oxidation-resistant tunic that consists 
of coppering whose thickness is 3 and 5 or 10 micrometers was formed. Processing time was 
changed to the plating bath by current density 2.0 A/dm 2 also about another specimen using the 
cyaniding bath which made the degree of solution temperature 30 **, and the 2nd anti-oxidation 
tunic that consists of galvanization whose thickness is 3 and 5 or 10 micrometers was formed. 
[0034]The 3rd oxidation-resistant tunic was formed in the specimen in which the 2nd oxidation- 
resistant tunic that consists of these plating was formed, on the completely same conditions as 
the aforementioned case using said 2-dibutylamino 4,6-dithio roux triazine and said electrolysis 
solution containing lithium perchlorate. 

[0035]The specimen which formed only the metal skin of nickel, copper, and zinc, respectively by 
the method of using the aforementioned plating bath for the specimen which formed the 1 st 
oxidation-resistant tunic on the same conditions as the above so that it might be set to the 
thickness 5 and 10 or 15 micrometers was prepared for comparison. About these specimens, the 
examination which sprays a salt solution 5% for 72 hours, and the squares test were done. The 
result of the specimen which formed the two-layer oxidation-resistant tunic in Table 2 for the 
result of the specimen in which the oxidation-resistant tunic of three layers was formed is 
collectively shown in Table 1. 
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0036] 
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[0037] 
[Table 2] 
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[0038](Example 2) As a triazine dithiol derivative, the 2-oleylamino-4,6-dimercapto triazine 

monosodium shown in ** 2 so that concentration may be set to a 5x1 0~ 4 mol / I, As a 
supporting electrolyte, lithium fluoroborate (LiBF 4 ) was dissolved in ethy! alcohol, respectively so 

that concentration might be set to 5x10~ 4 /l, and the electrolysis solution was prepared. Using 
this electrolysis solution, to the rare earth permanent magnet prepared on the same conditions 
as Example 1, it electrolyzed like Example 1 and the 1st oxidation-resistant tunic was formed. 
[0039] 



[Formula 2] 
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[0040]Then, processing time was changed to the plating bath by current density 2.0 A/dm 2 using 
the Watts bath which set the degree of solution temperature as 50 **, and the 2nd oxidation- 
resistant tunic that consists of a nickel plate whose thickness is 3 and 5 or 10 micrometers was 
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formed in this specimen. About another specimen, processing time was changed to the plating 
bath by current density 2.0 A/dm 2 using the cyaniding bath which set the degree of solution 
temperature as the room temperature, and the 2nd oxidation-resistant tunic that consists of 
coppering whose thickness is 3 and 5 or 10 micrometers was formed. About another specimen, 
processing time was changed to the plating bath by current density 2.0 A/dm using the 
cyaniding bath which set the degree of solution temperature as 30 **, and the 2nd oxidation- 
resistant tunic that consists of galvanization whose thickness is 3 and 5 or 10 micrometers was 
formed. 

[0041 ]The 3rd oxidation-resistant tunic was formed in the specimen in which said metal skin was 
formed, on the completely same conditions as the above using the 2-oleylamino-4,6-dimercapto 
triazine monosodium and said electrolysis solution containing lithium fluoroborate. 
[0042]The specimen which formed only the metal skin of nickel, copper, and zinc, respectively by 
the method of using the aforementioned plating bath for the specimen which formed the 1st 
oxidation-resistant tunic on the same conditions as the above so that it might be set to the 
thickness 5 and 10 or 15 micrometers was prepared for comparison. About these specimens, the 
examination which sprays a salt solution 5% for 72 hours, and the squares test were done. The 
result of the specimen which formed the two-layer oxidation-resistant tunic in Table 4 for the 
result of the specimen in which the oxidation-resistant tunic of three layers was formed is 
collectively shown in Table 3. 
[0043] 

[Table 3] ____ 
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[0044] 
[Table 4] 




Jf* 
(pm) 








5 


HA. mt 






10 


im 


28/100 




15 


Mm 


0/100 


a 


5 








10 




17/100 




15 


Mm 


0/100 




5 








10 




3 2/10 0 




15 


Mm 


0/100 



[0045]As shown in Table 1 and Table 3, by the method of this invention, as for the specimen in 
which the oxidation-resistant tunic of three layers was formed on the surface, generating of rust 
etc. was not seen, and appearance change was not observed at all. On the other hand, as shown 
in Table 2 and Table 4, the effect of the oxidation-resistant tunic which remarkable corrosion is 
accepted and consists of three layers of this invention in the specimen which does not form the 
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3rd acid-proof tunic even if the thickness of a metal plating layer is the same was clear. 
[0046] 

[Effect of the Invention]The oxidation-resistant tunic which is obtained by electrolysis of a 
triazine thiol derivative according to this invention as explained above, The rare earth permanent 
magnet possessing the oxidation-resistant tunic of the three-tiered structure which carried out 
lamination covering of the oxidation-resistant tunic which consists of metal plating layers, and 
the oxidation-resistant tunic obtained by electrolysis of a triazine thiol derivative one by one is 
obtained. These tunics are thickness thinner than the tunic by a conventional method, and they 
show the outstanding corrosion resistance and it becomes possible to improve substantially the 
reliability and endurance of a rare earth permanent magnet. 



[Translation done.] 
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